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(54) Thermally conductive interface materials and methods of using the same. 



(57) A thermally conductive interface material for- 
med of a polymeric binder and one or more 
thermally fillers is disclosed. One or both of the 
major surfaces of the interface material has a 
means for removing air from between that sur- 
face and the surface to which it is attached, 
such as a heat sinker an electronic component. 
Alternatively, the heat sink or component may 
have the air removal means Instead of or in 
addition to the interface material. The air re- 
moval means may be a series of embossments, 
channels or grooves or throughholes. prefer- 
ably, the interface is a pressure sensitive acrylic 
adhesive material and more preferably, it is in 
the form of a tape. 




FIG. 1 
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The present invention relates to a thermally con- 
auctive interface material, an apparatus and a meth- 
od for applying the same to a heat source and a heat 
sink. More particularly, the present invention relates 
to a thermally conductive material, an apparatus and 
a method for applying the same which eliminates the 
formation of air pockets between the thermally con- 
ductive material and the substrates to which it is 
bonded, 

BACKGROUND OF THE INVENTION 

The present invention relates to a thermally con- 
ductive interface material that is interposed between 
a source of heat, such as an electronic component 
and a heat sink. The most common example of this in- 
vention is the use of a thermal material between a 
semiconductor device and a heat sink so that heat 
generated by the semiconductor can be removed. 

Typically, silicone or urethane binders filled with 
one or more thermally conductive materials are used 
as the thermal interface. One such product is com- 
mercially known as CHO-THERM® thermally con- 
ductive materials, available from Chomerics, Inc. 

In placing the thermally conductive material be- 
tween the heatsource and the heatsink, care must be 
taken to ensure that no air becomes trapped between 
the thermally conductive material and the adjacent 
substrate. Air is a notoriously poor conductor of heat 
and its presence reduces the ability of the thermally 
conductive material to transport heat from its source 
to its sink. This can lead to an overheating of the heat 
source. Moreover, the overheating wilt be localized at 
the spot where the air is trapped, causing the over- 
heating to be concentrated in a small area making it 
more intense and its effects more devastating, espe- 
cially to electronic components. 

Moreover to ensure that air is not trapped, such 
thermally conductive interface materials are applied 
individually by hand. This is a labor extensive, slow 
process. Additionally, the assembly can only be done 
with fairly large components which contain a measn 
for attaching them to the heat source, such as screws, 
rivets, etc. 

Therefore, there is a need for a thermally conduc- 
tive material that will eliminate the problem of air be- 
coming trapped between the thermal material and 
the adjacent substrate and a method for forming a 
heat transferring assembly. 

Moreover, there is a need for a process that will 
speed up the assembly of thermally conductive elec- 
troinc packages and for products that will provide 
thermal conductivity to smaller electronic assem- 
blies. 

OBJECTS AND SUMMARY OF THE INVENTION 



The present invention provides a thermally con- 
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ductive material which contains a means for eliminat- 
ing air from between the surface of the thermally con- 
ductive material and the substrate to which it is joined. 
The means for eliminating the air consists of a senes 

5 of grooves or channels or a series of throughholes in 
one or both major surfaces of the thermally conduc- 
tive material and/or the heat sink or heat souce so 
that as pressure is applied between the thermally 
conductive material and the adjacent heat sink or 

10 heat source, any air is expelled through the grooves, 
channels or throughholes. 

Preferably, the thermally conductive matehal 
has a polymeric binder that is a pressure sensitive ad- 
hesive, such as an acrylic or silicone pressure sensi- 

15 tive adhesive. The pressure sensitive thermally con- 
ductive material allows for bonding directly to the ad- 
jacent surfaces of the heatsource and heat sink with- 
out the need for other retaining means such as 
screws, rivets, clamps, etc. It also allows for the use 

20 of thermal interface materials on electronic compo- 
nents which previously could not retain such materi- 
als, due to size, configuration, etc. Moreover, it allows 
for the automated application and assembly of ther- 
mally conductive electronic assemblies or packages. 

25 It is an object of the present invention to provide ther- 
mally conductive materials comprising a blend of a 
polymeric binder and a thermally conductive filler 
wherein the material has an air removing device se- 
lected from the group consisting of embossments and 

30 throughholes. 

A further object of the present invention is to pro- 
vide a thermally conductive, form stable sheet 
formed of a blend of a polymeric binder selected from 
the group consisting of acrylic resin silicone rubber, 

35 fluorosilicone rubber and polyurethane, a thermally 
conductive filler and wherein at least one major sur- 
face of the material contains embossments for the re- 
moval air upon the application of pressure to the ma- 
terial. 

40 Another object of the present invention is to pro- 

vide a means for dissipating heat comprising a ther- 
mally conductive material having a major surface for 
rriounting a heat generating means and one or more 
means for dissipating heat from the heat generating 

45 means to the atmosphere, wherein the major surface 
has a means for removing air from between the heat 
generating means. 

An additional object of the present invention is to 
provide an electrical assembly comprising a means 

50 for dissipating thermal energy, an electronic compo- 
nent which generates thermal energy and a means 
for transferring thermal energy from the electronic 
component to the means for dissipating thermal en- 
ergy and the electronic component and wherein at 

55 least the means for transferring thermal energy has 
a means for removing air from between the measn for 
transferring themral energy and the electronic com- 
ponents. 



2 



# 



3 EPO 

A further object of the present invention is to pro- 
vide a process for assembling a thermally conductive 
electrical assembly comprising the steps of mounting 
a first surface of a means for transferring thermal en- 
ergy to a means for disspating thermal energy, 
mounting a second surface of the means for transfer- 
ring thermal energy to a means for generating ther- 
mal energy, wherein at least the second surface of 
the means for transferring thermal energy has a 
means for removing air from between the means for 
transferring thermal energy and the means for gen- 
erating thermal energy when subjected to pressure 
and applying pressure to assembly to remove air from 
the assembly. 

Another object of the present invention is to pro- 
vide a thermally conductive interface comprised of a 
pressure sensitive adhesive polymeric binder and 
one or more thermally conductive fillers wherein the 
interface has a series of air removing devices formed 
in at least one surface of the interface. 

IN THE DRAWINGS 

Figure 1 shows a plan as view of first preferred 
embodiment of the thermally conductive material of 
the present invention. 

Figure 2 shows a planar view of another prefer- 
red embodiment of the thermally conductive material 
of the present invention. 

Figure 3 shows a cross sectional view of a prefer- 
red embodiment of an assembly according to the 
present invention. 

Figure 4 shows a planar view of another prefer- 
red embodiment of the thermally conductive material 
of the present invention. 

Figure 5 shows a cross sectional view of a prefer- 
red apparatus for forming the assembly. 

DETAILED DESCRIPTION OF THE INVENTION 

A preferred embodiment of the present invention 
comprises a form stable, sheet like thermally conduc- 
tive material formed of a polymeric binder, one or 
more thermally conductive fillers and a means for re- 
moving air from between a major surface of the ma- 
terial and a substrate to which the major surface is 
mated. Such a device is shown in Figures 1 and 2. 

In Figure 1, the thermally conductive material 1 
has a series of throughholes 2 running from one major 
surface 3 to a second, opposite major surface 4. In 
use, the thermally conductive material is interposed 
between a heat source and a heat dissipator. The first 
major surface 3 of the material is adjacent to the heat 
source and the second major surface 4 is adjacent to 
heat dissipator. Figure 3 shows the embodiment of 
Figure 1 as assembled between the heat source 5 
and heat dissipator 6. Also shown in Figure 3 is the 
preferred embodiment in which the heat dissipator 
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also has throughholes 7 which are arranged in such 
a manner so as to be in alignment, register or corre- 
spondence with the throughholes of the thermally 
conductive material. 

5 The size (diameter), arrangement and number of 

throughholes should be sufficient to allow for the re- 
moval of substantially all of the air between the ther- 
mal material and the adjacent substrate to which it is 
mated yet insufficient so as to structurally weaken 

10 the material or to substantially reduce its thermal 
properties. Preferably, the throughholes are circular 
in shape, however, other shapes, such as square, 
rectangular, oval etc. may be used if desired. 

Figure 2 shows an alternative embodiment of the 

15 thermally conductive material 11 wherein one of its 
major surfaces, in this instance its first major surface 
13, has a series of grooves or channels formed in it 
which form a series of embossments or lands on the 
surface of the material. The channels act as the air 

20 removal device, 12. If desired, the second major sur- 
face, 14, may contain the air removal device instead 
of or in addition to the first major surface 13. The 
grooves or channels may be linear, or curvilinear or 
any other configuration. If desired they may run only 

25 in one direction across the surface of the material, 
such as parallel stripes or they may run in two differ- 
ent directions at an angle to each other as shown in 
Figure 2. Preferably, there are two series of grooves 
running perpendicular to each other. 

30 Another preferred embodiment of the present in- 

vention is an assembly of a thermal energy generat- 
ing means, such as an electronic component, a ther- 
mal energy dissipating means, such as a heat sink or 
a heat spreader, and a thermal energy transferring 

35 means such as a thermally conductive polymeric ma- 
terial interposed between the generating means and 
the dissipating means so as to move the thermal en- 
ergy from the generating means to the dissipating 
means. Either the transferring means and/orthe heat 

40 dissipating means contains a means for removing air 
from between the heat transferring means and an ad- 
jacent surface of either the heat generating means 
and/or the heat dissipating means. The means for re- 
moving air is either the embossments or the through- 

45 holes described above in regard to the other prefer- 
red embodiments of Figures 1 and 2. 

In an assembly which uses throughholes as the 
air removal means, such as is shown in Figure 3, it is 
preferred that both the heat transferring means and 

50 the heat dissipating means contain a series of 
throughholes which correspond to and align or are in 
register with the throughholes of the other. By having 
throughholes which extend through the entirety of 
the thermal energy transferring and thermal energy 

55 dissipating means, one is able to ensure that air is re- 
moved from between the interface formed by the 
thermal energy generating means and the transfer- 
ring means and the interface formed between the 

3 
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transferring means and the thernoal energy dissipat- 
ing means. 

In another preferred assembly embodiment, the 
thermal energy transferring means has no air remov- 
al means. Rather the air removal means is formed on 
the heat dissipating means and/or the heat generat- 
ing means. For example, a heat sink may have the 
surface, to which the thermally conductive pad will be 
mounted, grooved or cross hatched so as to form a 
series of channels through which air can be expelled 
as the thermal transfer means is applied to surface 
and fills the grooves or channels. It would be similar 
in configuration to the embodiment of the thermal 
material of Figure 2. Likewise, the surface of the elec- 
tronic component may contain such channels. Alter- 
natively, the heat sink may use throughholes. Other 
arrangements in the assembly are possible so as to 
maximize the thermal capabilities of the assembly 
while allowing for maximum flexibility of the assembly 
design. For example, one could have air removal 
means on the surface of the thermally conductive 
material adjacent the electronic component and a 
similar means on the heat sink. etc. 

The thermally conductive material may be select- 
ed from a variety of well-known polymer binders, such 
as acrylic resin, silicone and fluorosilicone rubber, 
and various polyurethanes filled with one or more 
thermally conductive fillers. Such materials formed of 
silicone or urethan are taught in U.S. Patents 
4,574,879 and U.S. 4,869,954 which are incorporated 
herein by reference in their entirities. 

Preferably, the thermally conductive material is 
formed of a polymeric binder of a pressure sensitive 
adhesive material, such as silicone or an acrylic ad- 
hesive and one or more thermally conductive fillers. 
Such polymeric binders are well-known and commer- 
cially available. The preferred embodiment is a pres- 
sure sensitive acrylic adhesive, which are well-known 
and commercially available. Thermally conductive 
fillers suitable for use in the present invention are par- 
ticulate solids capable of providing the material with 
the desired thermal conductivity. Preferably, these 
fillers are particulate solids which are electrically in- 
sulative as well as thermally conductive. 

Examples of such particles include but are not 
limited to aluminum oride, aluminum nitride, boron 
nitride, magnesium oride and zinc oride. If the mate- 
rial does not need to be electrically insulative, the fill- 
ers may include various thermally conductive metals 
such as silver, gold and copper or metal coated ma- 
terials, such as silver coated glass, silver coated cop- 
per or silver coated aluminum. 

The particles should be of a sufficiently small 
size as to not distort the surface of the thermally con- 
ductive material. Preferably the filler will be of a size 
from about 1 micron to about 50 microns, more pre- 
ferably in a range of from about 5 microns to about 25 
microns, most preferably about 10 microns. The fillers 



are to be included in the binder in an amount suffi- 
cient to provide the desired thermoconductivity. Pre- 
ferably, the fillers are included in amount of from 
about 10% by weight to about 85% by weight of the 

5 finished product. More preferably, the fillers are in- 
cluded in amounts ranging from about 40% by weight 
to about 75% by weight and most preferably about 
68% by weight. The more preferred fillers are boron 
nitride, mangesium oxide and aluminum oxide with 

10 boron nitride being the most preferred filler. 

Additional ingredients may also be added so long 
as they do not interfere with the conformability or 
thermal conductivity of the product. For example, it is 
preferred to use a solvent when compounding the 

15 binder so as to make the mixing and application eas- 
ier If desired, one may also add a pigment, flame re- 
tardant, and/or antioxidant to the binder. As the ther- 
mally conductive material of the present invention is 
form stable, it may be used by itself as a thermal 

20 transfer device without the incorporation of a support 
layer. 

If desired, one may incorporate one or more lay- 
ers of a support material to increase the thermally 
conductive material's toughness, resistance to elon- 
25 gation and tearing and other mistreatment. The incor- 
poration of support materials is particularly desired 
where the problems of cut-through or overtorqued 
fastners may occur. Cut-through is caused by burrs 
or sharp metal protusions on one or both of the sur- 
30 faces to be thermally connected. These burrs or pro- 
trusions are believed to cut or tear the thermally con- 
ductive material and provide a pathway through 
which an electrical short may occur. Similarly, over- 
torquing of the fastening devices is believed to sub- 
35 ject the thermally conductive material to abnormally 
strong tensions which may also cause tearing and 
electrical shorts. Additionally, any tearing or penetra- 
tion of the thermally conductive material allows for 
the formation of a pocket of air, which as described 
40 above is a poor thermal conductor. These air prockets 
can lead to localized hot spots and an overall decline 
in thermal performance. 

The support material should not interfere with the 
thermal conductivity of the thermally conductive ma- 
45 terial. Preferably, the support material is itself ther- 
mally conductive. In applications where electrical in- 
sulation between the components is important, the 
selected support material should be dielectric. 

Examples of reinforcing materials useful in the 
50 present invention include, but are not limited, to glass 
fiber, mesh or cloth, plastic fiber, mesh cloth or films 
and metal fiber, mesh, cloth or foils. 

The glass cloth may be woven or unwoven. 
The plastic support material is preferably a mesh 
55 material, or a film. If a film, it may be solid or forami- 
nous. Examples of suitable plastics include nylons, 
polyesters, polyamides, polyimides, polyethylenes, 
or PEEK. Well-known plastic films particularly useful 
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in the present invention are MYLAR® polyester films 
and KAPTON® polyimide films. As plastic films gen- 
erally exhibit poor thermal conductivity properties, it 
is desirable to use a film which contains a thermally 
conductive filler. One such filler film is KAPTON 
MT®, a polyimide film which contains either an alu- 
minum oxide or boron nitride filler. This material ex- 
hibits twice the thermal conductivity of an equivalent 
unfilled film. Alternatively, one may use a very thin 
film layer so as to minimize its effects on the thermal 
transfer. 

Where electrical insulation is not a requirement, 
metal mesh cloths or foil are the preferred support 
material due to their high thermal conductivity. Eram- 
ples of preferred metals useful as a mesh cloth or a 
foil, include but are not limited to, aluminum, copper, 
silver, iron and tinned copper. Regardless of the sup- 
port matenal used, it should be as thin as practicable 
while still providing the desired support. 

The support materials may be embedded in the 
thermally conductive material or coated, calendered 
or attached to one surface of the thermally conduc- 
tive material. Preferably, the support material and 
thermally conductive material are formed into a lam- 
inate of three or nnore layers with the support layer 
being the center layer and the thermally conductive 
material forming the outer layers. 

The three layered material with the support layer 
in the middle is the preferred embodiment of the pres- 
ent invention. One such embodiment is shown in Fig- 
ure 4. 

In Figure 4. the thermally conductive material 
has a central support layer 41 and two outer layers of 
thermally conductive pressure sensitive polymer, 42 
and 43, each bonded respectively to a major surface 
of the central support layer. At least one major sur- 
face, such as 44, has a series of air removing devices 
formed in its surface. In this instance, the use of a ser- 
ies of grooves or channels 45 to form embossments 
is shown. 

The pressure sensitive material may be formed 
as a continuous tape, a tape containing discrete parts 
or as individual pads or pieces. 

The heat conductive material of the present in- 
vention may be formed in many ways. 

One method of forming the material is to combine 
the acrylic binder with the selected filler or fillers and 
thoroughly mix the ingredients while slowly adding a 
solvent until a liquid having a smooth texture is ach- 
ieved. The material is then cast onto a release sheet 
such as a piece of glass, Mylar® film or coated paper, 
or on to a support layer and heated to drive off the sol- 
vent and form the thermally conductive material. 

An alternative method is to thoroughly mix the in- 
gredients together with a sufficient amount of solvent 
to obtain a thin liquid. The liquid can then be sprayed 
or coated onto a surface such as a release sheet or 
a reinforcing material such as a glass fiber cloth, a 



Kapton® film or metal foil and heated to cure. Addi- 
tionally, the same liquid formulation may have a por- 
ous support material, such as a glass fiber mesh, dip- 
ped into it to form the desired coating. 

5 Another method of forming the heat conductive 

material of the present invention is by molding. This 
is particularly useful when one wishes to form a sub- 
stantially thick heat conductive layer or when one 
wishes to form a specifically shaped heat conductive 

10 material. In molding the heat conductive material, the 
components are mixed with a solvent and poured into 
a prefabricated mold which contains the desired em- 
bossments, channels or grooves or throughholes. 
Preferably, one may coat the inside of the mold with 

15 a release coating before add ing the components. The 
mold is then heated or otherwise sujected to an ex- 
ternal energy field to form the molded shape. Instead 
of using a separate mold, it may be desired to use a 
mold which allows the heat conductive material to be 

20 molded in place directly to one of the surfaces it will 
contact. 

A preferred method is to form a laminated pres- 
sure sensitive adhesive material of three or more lay- 
ers in which the center layer is formed of a support 

25 layer discussed above, such as glass mesh, KAP- 
TON® film or metal foil and an outer layer of the ther- 
mally conductive material is coated on each side of 
the support layer to form a cohesive laminated mate- 
rial. The coating may occur sequentially so that one 

30 side of the support layer is coated and cured and then 
the process is repeated on the opposite side. Prefer- 
ably, the coating is applied to both sides simulatane- 
ously. As the material is adhesive, the outer surfaces 
are covered by a release layer such as a coated pa- 

35 per, foil or a plastic film. The thermal conductive lay- 
ers then have their air removal means formed. If em- 
bossments or grooves or channels are desired, they 
are preferably formed by passing the material 
through a pair of rollers, at least one of which has the 

40 desired embossment or groove configuration formed 
upon it. The embossments or grooves are then trans- 
ferred to the tape. The throughholes may be formed 
by a punch or similar means for forming holes. 

The thermally conductive product may be formed 

45 into continuous or discontinuous tapes; or sheets and 
then cut to the desired shape; or molded in the de- 
sired shape at the outset, either in a mold or directly 
in place, as described above. 

The resultant thermally conductive material 

50 should be sufficiently soft so as to conform to the sur- 
faces with which it interfaces. Preferably, the material 
should have a Shore A harness of less than 100, more 
preferably, a Shore A hardness of about 70. 

The properties exhibited by a typical product pre- 
ss pared in accordance with the present invention are as 
follows: 

Thickness- 1 to 20 mils ±1 mil, preferably about 

5-8. 
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Volume Resistivity-1X10iOohm-cm (ASTM D- 

257» 

Dielectric Strength-6000 Volts minimum 
(ASTMD-149). 

Hardness. Shore A-70 to 100 (ASTM D-2240) 5 

Thermal lmpedence-0.09^ to 0.40^C./W (Cho- 
merics No. 27). 

Thermal Conductivity- 1 .2 X 10- to 1.6 X 10- 
CALV'cm sec. (Chomerics No. 28). 

Several processes for forming the thermally con- io 
ductive assembly can be used. 

In a first preferred embodiment, one manually re- 
moves a coversheet, if present from one side of the 
thermally conductive transfer means and places the 
thermally conductive transfer means against a sur- 15 
face of a thermal energy dissipating means and then 
removes a coversheet, if present, from the other side 
of the thermally conductive transfer means and plac- 
es a heat source, such as an electronic component 
against the opposite exposed surface of the transfer 20 
means. The assembly is then subjected to pressure, 
such as between one's fingers, to evacuate the air 
through the air removal means of the heat source, 
transfer means and/or dissipating means. Claims 

Another preferred process for assembling a ther- 25 
mally conductive electronic assembly is shown in Fig- 
ure 4 and is particularly useful with the acrylic based, 
pressure sensitive tape that is preferred in this inven- 
tion. The heat source, 31, such as a semiconductor, 
is placed against a holding means 32, a thermally en- 30 
ergy transfer means 33 has a first major surface 
placed upon and bonded to an exposed surface 34 of 
the heat source and a thermal energy dissipating 
means 35. in this instance a heat sink is placed upon 
and bonded to a second major surface of the transfer 35 
means, an assembly holder 36 is used to maintain the 
assembly in position and pressure is applied by the 
holder through a pressure means 37 to move the va- 
rious components together and to evacuate the air 
between the various surfaces of the components 40 
through an air removal device formed on one or both 
surfaces of the transfer means 33, and/or the heat 
source 31, and/or the dissipating means 35. The as- 
sembly may then be removed from the holder Alter- 
natively, if the transfer means is not adhesive, other 45 
means holding the components together, such as 
clamps, screws, rivets, etc. may be applied while the 
assembly is in the holder. 

The pressure applied may be positive or negative 
(i.e. a vacuum). It is preferred to use a positive pres- 50 
sure. The amount of pressure, positive or negative, 
that is applied should be sufficient to remove sub- 
stantially all of the air present between the adjacent 
surfaces, yet insufficient to damage any of the com- 
ponents, especially the electronic component. 55 

While shown as a single component apparatus 
and process, it is understood that the above descri- 
bed apparatus could be automated so as to make the 



process continuous. In such an example, the thermal 
transfer means is in the form of continuous tape, eith- 
er containing a continuously formed thermal material 
that is cut to length or if desired containing a senes 
of discrete, individual, pressure sensitive pads or 
pieces. 

The air removal device, whether it is emboss- 
ments, channels or grooves should be of a height and 
width sufficient to allow for the removal of air but in- 
sufficient so as to allow for the return of air after the 
interface has been applied to a surface. Preferably, 
the air removal device in these instances is about 1 
to 10 mils in height or depth, as the case may be. 

While this invention has been described with ref- 
erences to its preferred embodiments, other embodi- 
ments can achieve the same result. Variations and 
modifications of the present invention will be obvious 
to those skilled in the art and it is Intended to cover 
in the appended claims all such modifications and 
equivalents as fall within the true spint and scope of 
this invention. 



An electrical assembly comprising a means for 
dissipating thermal energy having a first surface; 
a means for transfer hng thermal energy having 
first and second surfaces of which said first sur- 
face has the first surface of the means for dissi- 
pating thermal energy mounted thereon; and a 
means for generating thermal energy mounted to 
the second surface of the means for transferring 
thermal energy; wherein the means for dissipat- 
ing thermal energy and/or the means for transfer- 
ring thermal energy has a means for removing air 
from between the first surface of the means for 
dissipating thermal energy and the first surface 
of the means for transferring thermal energy. 

The assembly of daim 1 wherein the means for 
removing air consists of through holes, channels, 
grooves or embossments. 

The assembly of claim 1 or 2, wherein there are 
means for removing air in both the means for dis- 
sipating thermal energy and the means for trans- 
ferring thermal energy, and such air removing 
means comprise a series of corresponding 
through holes. 

An electrical assembly according to any one of 
claims 1 to 3, wherein said means for generating 
thermal energy comprise an electronic compo- 
nent, optionally an integrated circuit component 
or a semiconductor. 



2. 



5. An electrical assembly according to any one of 
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the proceeding claims, wherein the means for 
dissipating thermal energy is a heat sink or a heat 
spreader, and the means for transferring thermal 
energy is a thermally conductive polymeric ma- 
tehal having the means for generating thermal 5 
energy and the means for dissipating thermal en- 
ergy mounted on opposite surfaces thereof. 

6. A thermally conductive material comprising a 
blend of polymeric binder and at least one ther- io 
mally conductive filler wherein the material has 

an air removing device in the form of emboss- 
ment, channels, grooves, or through holes. 

7. A thermally conductive material according to 15 
claim 6, when shaped as a form stable sheet; 
wherein said polymeric binder is acrylic resin, sil- 
icone rubber, fluorosilicone rubber or polyur- 
ethane; and wherein at least one major surface 

of the material contains the air removing device, 20 
for the removal of air upon the application of pres- 
sure to the material. 

8. A thermally conductive material according to 
claim 6 or 7, comprising a form stable sheet 25 
formed of a polymeric binder and a thermally 
conductive filler, wherein the material is a sheet 
having a senes of through hoies ruridiriy from a 

first major surface to a second major surface. 

30 

9. A thermally conductive material according to any 
one of claims 6 to 8, wherein the polymeric binder 
is a pressure sensitive adhesive. 

10. A thermally conductive material according to 35 
claim 9, wherein the binder is a pressure sensi- 
tive acrylic resin and the at least one thermally 
conductive filler is aluminum oxide, or boron nitr- 
ide or a mixture thereof. 

40 

11. A thermally conductive material according to any 
one of claims 6 to 10, and further comprising a 
support layer positioned centrally in the polymer- 
ic binder. 

45 

12. A thermally conductive interface comprising a 
thermally conductive material according to any 
one of claims 6 to 1 1 . having a first layer of ther- 
mally conductive pressure sensitive adhesive, a 
support layer overlaying the first layer and a sec- 50 
ond layer of thermally conductive pressure sen- 
sitive adhesive overlaying the support layer; and 
wherein optionally said air removal device is 
formed on at least an exposed surface of the first 
layer, and preferably on both said exposed sur- 55 
face of the first layer and on an exposed surface 

of the second layer. 
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13. An interface according to claim 12, wherein the 
air removal device is a series of through holes ex- 
tending from an exposed surface of the first layer, 
through the support layer and second layer to an 
exposed surface of the second layer. 

14. A means for dissipating heat comprising a ther- 
mally conductive material having a major surface 
for mounting a heat generating means and one or 
more means for dissipating heat from the heat 
generating means to the atmosphere, wherein 
the major surface has a means for removing air 
from between the heat generating means and the 
major surface. 

15. A heat dissipating device comprising a heat sink 
having a major planar surface and one or more 
arms extending out from t he major planar surface 
for dissipating heat to the atmosphere and 
wherein the major planar surface has a series of 
grooves in its surface for the removal of air. 

16. A heat dissipating device comprising a metal de- 
vice having at least one major planar surface 
wherein the surface has an air removing device 
in the form of embossments, channels or through 
holes for the removal of air between the major 
planar surfj^ce and an adjacent substrate. 

1 7. A process for assembling a heat source to a heat 
sink comprising the steps of mating a first ex- 
posed surface of a thermally conductive material 
to an exposed surface of a heat sink, mating a 
second exposed surface of the thermally con- 
ductive material against an exposed surface of a 
heat source to form an assembly, and applying 
pressure to the assembly sufficient to remove air 
between the thermally conductive material and 
the heat source and heat sink. 

18. A process according to claim 17, wherein the 
pressure is negative or positive pressure, where- 
in the heat source is an electronic component; 
wherein the thermally conductive material is a fil- 
led polymeric binder; and wherein the heat sink 
is a metal heat sink, a composite heat sink, or a 
heat spreader. 



7 



EP 0 528 606 A2 





FIG. 2 



8 



EP 0 528 606 A2 




FIG. 4 



EP 0 528 606 A2 




10 



